Capillary water in peatlands has a very important role in supplying water to the root zone of plants. The current water content in the root zone depends mainly on groundwater levels in some areas with shallow water levels. The study aimed to measure the capillary water dynamics in peat soils at various soil densities and groundwater levels which were observed from the changes in peat color, moisture distribution, water content and hydrophobicity of peat soil. The study was conducted in the greenhouse of Indonesian Swampland Agricultural Research Institute, Banjarbaru, South Kalimantan. The experiment was arranged in a randomized block design with two factors and three replications. The first factor was the bulk density (BD) of peat, namely BD-1 (on actual condition, 0.1 g cm -3 ) and BD-2 (compressed into 0.2 g cm -3 ). The second factor was simulated groundwater levels (GWL) consisting of GWL-1 (-100 cm), GWL-2 (-70 cm) and GWL-3 (-40 cm) from soil surfaces. The results showed that the rise of capillary water in peat soil reached a maximum height of 50 cm which was characterized by the increase in water content at the top layer in the range of 105-127% for BD-1 and 141-181% for BD-2. The highest value of water content (308%) was achieved in the treatment of GWL-3 with BD-2 and the lowest (37%) was in the treatment of GWL-1 with BD-1. The rate of capillary water rose progressively corresponded to the increase in BD value because the number of micropores of BD-2 was greater. 
INTRODUCTION
The use of peatland for agriculture and residential areas alters the distribution and fluctuation of groundwater. The construction of drainage channel decreased water level in peat soils. Szajdak and Szatylowicz (2010) stated that the use of peatland for agriculture in the long term and other forms of exploitation led to the decrease in groundwater level, increase in aeration and carbon emissions, and land subsidence. In the excessive soil drainage conditions, the peat could experience drought and led to irreversible dry or hydrophobic state. The decreased 1  2  3  4  5  6  7  8  9  0  1  2  3  4  5  6  7  8  9  0  1  2  1  2  3  4  5  6  7  8  9  0  1  2  3  4  5  6  7  8  9  0  1  2  1  2  3  4  5  6  7  8  9  0  1  2  3  4  5  6  7  8  9  0  1  2  1  2  3  4  5  6  7  8  9  0  1  2  3  4  5  6  7  8  9  0  1  2  1  2  3  4  5  6  7  8  9  0  1  2  3  4  5  6  7  8  9  0  1  2  1  2  3  4  5  6  7  8  9  0  1  2  3  4  5  6  7  8  9  0  1  2  1  2  3  4  5  6  7  8  9  0  1  2  3  4  5  6  7  8  9  0  1  2  1  2  3  4  5  6  7  8  9  0  1  2  3  4  5  6  7  8  9  0  1  2  1  2  3  4  5  6  7  8  9  0  1  2  3  4  5  6  7  8  9  0  1  2  1  2  3  4  5  6  7  8  9  0  1  2  3  4  5  6  7  8  9  0  1  2 groundwater level also increased peat vulnerability to fires. Wösten et al. (2008) reported that fire vulnerability would increase when the groundwater level dropped below 40 cm, and it also contributed to CO 2 emissions in the peat.
A highly decreased groundwater level could disturb the capillary water flow from the groundwater to the surface of the peat. In the dry season, the capillary water flow possibly could not reach the surface layer of peat, and the peat became irreversibly dry, causing the peat vulnerable to fire and its soil organic matter was easily leached. Currently, there is no research carried out on the groundwater levels corresponding to potential water capillarity that affects moisture conditions of top layer of peat soil. The capability of capillary water in peat soil to retain moisture on the soil surface is considered promoting the sustainability of peat soil use. The objective of this study was to measure the dynamics of capillary water on various peat soil densities and groundwater levels which were referred to changes in peat color, moisture distribution, water content and hydrophobicity of peat soil.
MATERIALS AND METHODS

Experimental Design
The experiment was conducted in the greenhouse of Indonesian Swampland Agricultural Research Institute, Banjarbaru, South Kalimantan from April to June 2016. Soil samples were taken from Sebangau National Park, Central Kalimantan, located on latitude of 01°54'-03°0'S and longitude of 113°20'-114°03'E.
The experiment was arranged in a randomized block design with two factors and three replications. The first factor was the bulk density (BD) of peat, consisting of BD-1 (on actual condition, 0.1 g cm -3 ) and BD-2 (compressed into 0.2 g cm -3 ). The second factor was groundwater level (GWL), namely GWL-1 (-100 cm), GWL-2 (-70 cm) and GWL-3 (-40 cm). The combination of various treatments and layout of the experiment are shown in Fig. 1 .
Experimental Setup
Soil samples were taken in the form of disturbed samples which had the original structure but had been partly or entirely modified. The soil samples were then air dried and stored in an enclosed space while waiting for preparation of the experimental setup in the greenhouse. Further, the peat soil was put into the capillary mica column with heights of 120 cm, 90 cm and 60 cm. The amount of soil sample used for the study was calculated based on the necessity of weight of the sample to produce self-determined bulk density (BD) (g cm -3 ) in accordance with the volume of mica pipe (cm 3 ) being used. The experimental setup for the dynamics of peat soil capillarity is shown in Fig. 2 . During the experiment, the peat had no cover (over the crop) on treatment, no water infiltration so that the peat relied only on capillary water (water in the tube) from a wet water table.
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RESULTS AND DISCUSSION
Initial Characteristics of Peat Soil at Field Conditions
Peat soil used in this study was omborogenous peat characterized by ash content <1% and BD < 0.1 g cm -3
. Percentage of ash content indicated the amount of minerals in the peat soil. Table 1 shows characteristics of peat soil at field conditions.
Result of observations in the field showed that the decomposition degree of the peat was hemic based on the bare-hand squeezing method, the remaining fiber left in the hand were 1/4-3/4 of initial volume. The soil was brown in color because it was inherited from the swampy forests. Soil conditions were hydrophilic, which were supported by the peat water content which reached 509.38% by weight and a hydrophilic component in the peat soil which were dominanted by 28.01% of (O-H) stretching. Dried peat with a water content of <100% by weight could not absorb any water when moistened (Agus and Subiksa 2008) . In addition to water content, hydrophilic properties were also determined by the hydrophilic components available in the soils. The greater the percentage of hydrophilic components in the peat soil, the stronger the binding between peat and water (Utami et al. 2009 ).
Dynamics of Peat Soil Capillarity
In dry conditions (dry season), capillary water in the peat has a very important role in supplying water for roots of plants. The current water content in the root zone depends heavily on groundwater levels, decomposition degree and type of subtratum in some areas with shallow water levels. Capillary rise is a well known soil phenomenon that describes the movement of pore water from lower elevation to higher elevation. According to Lu and Likos (2004) , there are three fundamental physical characteristics related to the capillary rise: (1) maximum height of capillary rise, (2) fluid storage capacity of capillary rise, and (3) rate of capillary rise. Capillary rise was also affected by evaporation. Water in the soil can be lost by evaporation (outflow) and capillary rise can recharge the water (inflow). Evaporation and capillary rise were important processes in soil water balance because they affected the inflows and outflows of water in the soil (Kowalik 2006 ). However, this study was focused on GWL and BD while the evaporation was not considered.
Results of the study showed that peat soil experienced shrinkage when the initial height of peat column (100 cm, 70 cm and 40) decreased to 80 cm, 50 8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1 cm and 30 cm, respectively (the incubation period). Soil shrinkage is a natural behaviour of peat soil, which is a reduction of the volume of peat above the groundwater level due to the drainage or drying (Agus and Subiksa 2008) . Peat soil has numerous macrovoids which cause the peat volume to shrink. Anwar (2003) stated that peat soil with a hemic decomposition degree had macrovoids of 86.42% to the total voids. In this sudy, drying occurred when the peat was air-dried in experimental setup stage and got heat during the study making the peat volume reduced rapidly.
Changes in Peat Color
Water content or hydration level affected the color of the soil. The soil in moist to a wet condition would be darker. The level of hydration associated with the position of the groundwater level, leading to a reduction of soil color (gleization), the bluish gray to greenish gray (Sutedjo and Kartasapoetra 2005) . Observations using the Munsell Soil Color Chart showed that the color of peat soil changed from GLEY 1 5/1 or greenish gray to GLEY 4/1 or dark greenish gray due to the wetting of peat soil. The results of the study (Fig. 3) showed that the soil color was changed due to rising capillary water to the top layer. The soil in the bottom layer which was already saturated with water will push the water to the upper layer so that the color of the soil at the top gradually turns darker. Capillary water on peat column with surface area of 254.34 cm 2 rose up to 40-50 cm layer on GWL-1 and GWL-2, but on GWL-3 it reached only 30-40 cm layer because the maximum height of GWL-3 was 40 cm. Schindler et al. (2003) and Schwärzel et al. (2006) stated that capillary water could reach the root zone in a subtropical peatland drained up to 70 cm dept with the reed canary grass cover crop. Smaller pore tended to make stronger capillary rise (Lu and Likos 2004; Chesworth 2008; McCarter 2012) . Capillary forces act to maintain moisture between pores. Subtropical peatland was generally dominated by moss peat which had smaller pore than wooden peat in tropical peatland. Peat and bog soils in temperate zone were often in sapric type with low C/ N ratio (Chesworth 2008) because the sub-tropical and boreal peat was formed in a slower rate than the tropical peat, namely 0.1-1.0 mm yr -1 for temperate peat and 0.4-2.2 mm yr -1 for tropical peat (Purwanto and Gintings 2011) .
Soil Moisture Distribution
Peat soil moisture distribution is also influenced by the rate of capillary rise. The results based on the ETP300 probe data (Fig. 4) showed that moisture distribution on the peat layer at GWL-1 was very slow (almost stagnant on the last 3 weeks), while at GWL-2 and GWL-3, peat soil moisture distribution increased that indicated a capillary water rising to the top layer until the end of the observation. In boreal peatlands, the influences of GWL on capillary rise and root-zone moisture content are essential to the selfregulatory features of peatland hydrology and C Fig. 3 . Changes in peat color at different bulk densities (a = 0.1 g cm -3 and b = 0.2 g cm -3 ), groundwater levels (GWL) and incubation periods. balance under climatic force (Gong et al. 2012) . The higher the groundwater table, the less the water supply to the top layer (Kurnain et al. 2006) . Again, this phenomenon was also affected by evaporation which was not considered on this study. Capillary water will recharge when soil moisture at the upper layer decreased due to evaporation. Yazaki et al. (2006) and Chesworth (2008) reported that an amount of water lost due to evapotranspiration was resupplied from deeper layers to the surface. Furthermore, soil water pressures in cutover peat may be below the threshold at which the capillary forces generated by the mosses can extract enough water to offset evaporative losses, preventing recolonization of cutover surfaces (Price and Whitehead 2001; Taylor and Price 2015) .
Water Content of Peat Soil
Water content of peat soil is a major factor limiting the ignition and smoldering fires. Hydrophobicity of peat will appear when the water content decreases and passes over the critical water content for the occurrence of hydrophobicity, where the values vary depending on peat properties. Humidity gauge in the dry season determines the water content that can be used as an indicator of fire hazard. The water content greater than or equal to 30% of the fuel is considered safe against fire hazards, but with decreasing percentage of water content, fire danger could increase (Syaufina 2008) .
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Water content of the soil in the GWL-2 in a layer within 50 cm of GWL ranged from 105% to127%, while in the GWL-1 (-100 cm) in the same layer it ranged from 141% to 181%. The results showed that soil water content in the same layer on two different GWLs which were -100 cm and -70 cm had different soil moisture conditions. The difference was because the treatment of GWL-1 (-100 cm) still had the soil cover with a thickness of 30 cm above the layer so that moisture can be held. While in the treatment of GWL-2 (-70 cm), interaction with air was stronger due to the layer conditions (no cover above the layer in the form of a thick soil) resulting in faster soil evaporation.
The critical moisture content of peat experiencing ignition varied from 40% to 125% (Frandsen 1987; Rein et al. 2008) . Rein et al. (2008) also reported that peat soil moisture content above 135% still experienced ignition. Conclusion from the above discussion is that the maximum increase in capillary water was 50 cm of water level with the soil water content ranged from 141% to 181%, but if the top layer of soil was already open (GWL-2), so the top layer had entered the critical water content at a range of 105-127% at the end of observation.
Hydrophobicity of Peat
Hydrophobicity is a state of the surface of particles of peat soil that could not withstand or hold water back after dried up. Matejkova and Simon (2012) and Winarna (2015) stated that hydrophobicity is the ratio between hydrophobic components and hydrophilic components in peat soil. Szajdak and Szatylowicz (2010) stated that the groundwater fluctuations affected the hydrophobicity of the peat as it could affect chemical composition of humic substances in peat soil. Hydrophobicity in peat increased functional groups namely hydrophobic lignin and lipid (C-H and C=C) and reduced hydrophilic cellulose and carboxylic acid (O-H and C=O) (Utami et al. 2009 ). The graphic result can be seen in Fig. 6 . The decrease in groundwater levels led to an increase in the ratio of hydrophobic component and hydrophilic component, thus encouraging the peat in hydrophobic conditions. The results in Table 2 for  BD-1 and Table 3 for BD-2 showed that GWL treatments increased the ratio of hydrophobic to hydrophilic components. GWL-1 treatment on BD-1 and BD-2 increased the ratio of hydrophobic to hydrophilic components by 1.18% and 7.25%, respectively. This increase was due to the hydrophobic groups which were still high and the decrease in hydrophilic groups during the study. The decrease in hydrophilic group associated with the decrease in water content in the soil. The ratios decreased in the GWL-2 treatment which were 4.35% for BD-1 and 11.77% for BD-2, while those on GWL-3 were 0.31% on BD-1 and 11.69% on BD-2. The decrease was influenced by the decrease in hydrophobic group and the increase in hydrophilic group during the study so that the top layer of peat on GWL-2 and GWL-3 was hydrophilic.
The existence of carboxyl group in peat is important because it is closely related to water saving properties of soils (Utami et al. 2009 ). The functional groups C-H, C=C, OH and C=O attributed the nature of irreversible drying (hydrophobicity) on peat soil (Urbanek et al. 2007; Utami et al. 2009; Dlapa et al. 2012; Matejkova and Simon 2012) . Results of hydrophobicity interpretation showed that GWL-1 treatment with a final moisture content of 37% for BD-1 and 49.9% for BD-2 had entered the hydrophobicity. Conversely, on GWL-2 and GWL-3 treatments, both BD-1 and BD-2 were still hydrophilic. 
